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We report the electronic properties of the NdNiO3, prepared at the ambient oxygen pressure condition. The metal-insulator 
transition temperature is observed at 192 K, but the low temperature state is found to be less insulating compared to the NdNiO3 
prepared at high oxygen pressure. The electric resistivity, Seebeck coefficient and thermal conductivity of the compound show 
large hysteresis below the metal-insulator transition. The large value of the effective mass (m* ~ 8me) in the metallic state indicate 
the narrow character of the 3d band. The electric conduction at low temperatures (T = 2 - 20 K) is governed by the variable range 
hopping of the charge carriers. 
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INTRODUCTION 
 
In the perovskite oxides, rare earth nickelates RNiO3 (R: rare 
earth), plays an important role because of the variety of 
physical properties and their underlying physics [1]. One of 
these properties is the Metal-Insulator (M-I) transitions shown 
by all members of RNiO3 with the exception of LaNiO3 which 
remains metallic [2,3]. The M-I transition temperature (TM-I) 
depends on the size of the radius of rare earth ion ‘R’ and on 
increasing the size of rare earth ion, TM-I decreases from 460 
K for R = Eu, to 135 K for R = Pr [4-6]. The M-I transition is 
accompanied by the structural transformation (from 
orthorhombic (Pbnm) to monoclinic (P21/m)) and magnetic 
ordering (paramagnetic (above TM-I) to antiferromagnetic) at 
T TM-I [6-10]. For lighter rare earth ions like Nd and Pr, 
antiferromagnetic ordering occurs near the TM-I whereas for 
heavier R ions this occurs below the TM-I [11-13]. 
The nature of the band gap is ascribed to different mechanisms 
viz. Mott Hubbard transition, charge transfer type transitions 
and long range charge ordering [5, 14-17]. Resonant X-ray 
scattering, transport and electron diffraction studies have 
suggested that M-I transitions results from charge ordering 
[18-20]. However charge ordering cannot be considered as 
precondition for the low temperature insulating phase for 
RNiO3 compounds [21]. The idea of Mott-Hubbard transition 
which was purposed by Zaanen, Sawatzky and Allen (ZSA) in 
the case of late transition metal compounds, has been extended 
to explain the M-I transition in nickelate perovskite [22]. 
Based on ZSA idea, nickelates are considered as the charge 
transfer type insulators below the transition temperature 
[4,5,21,23]. The NiO6 octahedra in these nickelates gets tilted 
slightly, that leads to the change in the electronic band 
structure compared to the ideal perovskite structures [4,6,24]. 
The tilting takes place to optimize the change in R-O bond 
distances introduced by the small size of rare earth ion (R). 
These tilting generally occur along ‘b’ or ‘c’ axes [6]. The 
amount of tilt in the NiO6 octahedra is decided by the Ni-O1-
Ni and Ni-O2-Ni angles, which determines the degree of 
overlapping of Ni-3d and O-2p orbitals and this in turn is 
related to electronic charge transfer [6]. The change in the Ni-
O-Ni bond angle with the size of ‘R’ ions affects the M-I 
transition in nickelates [25]. The M-I transition is reported to 
get affected by the external pressure, and strain also [26-29]. 
The NdNiO3 exhibits M-I transition at T ~ 205 K and 
orthorhombic structure at room temperature [2, 30]. The 
synthesis of the nickelates (with the exception of LaNiO3) 
requires high oxygen pressure (HOP) of P ~ 0.2 – 60 kbar and 
high temperature of T ~ 9500C [4, 26, 31, 32]. There are very 
few reports about the synthesis of NdNiO3 at ambient oxygen 
pressure (AOP) [33, 34]. The electric properties of AOP phase 
has been studied in detail by J. Blasco et al. [34]. We have 
studied the thermal transport properties (Seebeck coefficient 
and thermal conductivity) along with the electrical transport 
properties on the clean single phase NdNiO3 prepared at AOP, 
to bring out the differences with NdNiO3 high oxygen pressure 
phase reported in the literature. We will call the NdNiO3 
prepared at ambient oxygen pressure as NdNiO3 (AOP) and 
NdNiO3 prepared at high oxygen pressure as NdNiO3 (HOP), 
for the subsequent discussion. 
 
1. SAMPLE PREPARATION AND EXPERIMENTS 
2.  
We have prepared NdNiO3 at atmospheric oxygen pressure by 
decomposition method as used by Vassiliou et al. [33]. The 
required stoichiometric amount of the high purity Nd2O3 and 
NiO powder were homogeneously mixed by grinding and 
dissolved in the nitric acid (HNO3). The solution was gently 
heated for 3 hours to remove the excess amount of nitric acid 
and after that obtained green color powder was slowly heated 
up to 400oC. The heat treatment decomposes the mixture and 
the color of powder changes to black. Subsequently, the pellets 
were made of the obtained black powder at the pressure of 
around 6 kbar. The pellets were kept in the furnace at 650oC 
for 5 days under the continuous flow of oxygen gas at 
atmosphere pressure. After the reaction, the pellets were 
further grounded and pelletized, and kept in the furnace for 
sintering at 650oC for 48 hours. The obtained NdNiO3 (AOP) 
showed a clean orthorhombic phase with lesser than 2 % 
impurity of Nd2O3.  
The powder X-Ray diffraction (XRD) of compound was 
performed at room temperature using the Rigaku X-Ray 
Diffractometer. The electrical resistance, Seebeck coefficient,  
2 
 
10 20 30 40 50 60 70 80 90
 
 
R
e
la
tiv
e
 I
n
te
n
si
ty
2


 Y
Obs
  Y
Calc
  Y
Obs
-Y
Calc
 Bragg_position
Fig. 1.X-ray powder diffraction pattern of NdNiO3(AOP) obatined at 
room temperature. 
 
Table-I 
Lattice parameters a (Å) b (Å) c (Å) 
5.410 5.379 7.602 
Reliability factors 2 Rp wRp 
3.43 0.20 0.26 
Atom Wyckoff position x y Z 
Nd 4c 0.00665 0.96813 0.75 
Ni 4a 0.5 0 0.5 
O1 4c 0.44884 -0.04231 0.25 
O2 8d 0.78470 -0.21520 0.44586 
 
thermal conductivity and heat capacity of the compound were 
measured in the temperature range T = 2 – 300 K using QD-
Physical Property Measurement System (PPMS) and the 
magnetic measurements were performed in QD-SQUID 
magnetometer. 
 
RESULTS  
 
The Fig. 1 shows the Rietveld refinement of the XRD pattern 
of NdNiO3 compound done using the Fullprof refinement 
suite. The obtained NdNiO3 formed in the orthorhombic unit 
cell (space group: Pbnm) with the lattice parameters a = 
5.410Å, b = 5.379Å, and c = 7.602Å; which are in good 
agreement with the previous reports [4,6,16,34]. The broad 
nature of the XRD peaks point towards the small grain size for 
our sample. We estimated the average grain size of 169Å, from 
the width of diffraction using the Scherrer equation. We 
observed enhanced intensity of the (2 0 0) plane (at 2 ~ 33.20) 
and the suppression of the peak for (1 1 1) plane (at 2 ~ 26.10), 
which point towards the preferred orientation along the (1 1 1) 
plane. Such stacking faults indicates the laminar disorder in 
our sample, which may be related to the variation in the 
Oxygen stoichiometry. The refined lattice parameters, 
reliability factors and atomic positions, are given in the table -
1. 
The estimated values of the bond angle Ni-O-Ni, 
corresponding to both the oxygen atoms (O1 and O2) are 
157.19(4)o, and 156.99(2)o for Ni-O1-Ni and Ni-O2-Ni 
respectively. The average value of the Ni-O-Ni angle  
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Fig.2. Temperature dependence of the electrical resistivity, ρ(T), 
Seebeck Coefficient, S(T), and Thermal conductivity () of the 
NdNiO3(AOP). 
 
(157.09o) is comparable to that for the other nicklates RNiO3; 
viz. LaNiO3 (165.2o), PrNiO3 (158.1o), NdNiO3 (157o to 158o), 
and SmNiO3 (152.6o) [6]. The tolerance factor (t = dNd-O /2 
dNi-O ) of 0.987 was obtained for the compound from the 
average bond distances between Ni-O and Nd-O atoms, which 
is in agreement with the reports on NdNiO3 (AOP) but higher 
than NdNiO3 (HOP) [4,6]. 
The electrical resistivity, Seebeck coefficient, and thermal 
conductivity of the compound are shown in the fig. 2. There is 
clear transition from the metallic to insulating phase at T ~ 192 
K, which is lower than the metal-insulator transition 
temperature (TM-I) of 205 K for the NdNiO3 (HOP) [30]. The 
electrical resistivity (T) of the compound increases to 37 m-
cm at 2 K from 3.4 m-cm at TM-I.  The rise in (T) in NdNiO3 
(AOP) is smaller compared to NdNiO3 (HOP), where (T) 
increases up to 5 order of magnitude in the similar temperature 
range [35]. The room temperature resistivity ρ(T=300 K) ~ 4.38 
m-cm is 3.6 times greater than the 1.2 m-cm for NdNiO3 
(HOP) [30]. However the normalized resistivity slope 
(1/R(dR/dT ~ 3.8210-3 K-1) is of same order as for the good 
metals (e.g. 3.8  10-3 K-1 for Ag at T = 293 K) [36].  
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Fig. 3. The ln  versus 1/T1/4 curve (upper panel) showing conduction 
by variable range hopping for T  20 K. The temperature dependence 
of Seebeck coefficient S (lower panel) shows linear dependence with 
T in the metallic regime. 
The hysteretic behavior shown in resistivity curve (T), 
extends down to 20 K from TM-I, with hysteresis width TH 
~170 K, which is much larger than (TH ~ 85 K) for the 
NdNiO3 (HOP) [9, 30]. 
The ln  versus 1/T1/4 plot in fig. 3 shows that conduction 
mechanism is governed by the Variable Range Hopping 
(VRH) in the range 2 K  T  20 K. The resistivity follows 
(T) = 0exp(T0/T)1/4 behavior for the disorder system where 
conduction takes place by the hopping of charge carriers to the 
vacant neighboring and next neighbor sites. It is possible that 
the nickelate phase prepared at ambient oxygen pressure 
consist a number of oxygen vacancies and disorder and thus 
facilitating the conduction by variable range hopping. 
The Seebeck coefficient (S) also show anomaly (shown in fig. 
2) at the M-I transition with the clear hysteresis. The room 
temperature value of S ~ - 18.0 V/K match well with the 
reported values [30, 37]. The magnitude of the Seebeck 
coefficient |(S(T)|) decreases at T < TM-I depicting the presence 
of enough charge carriers below the transition. The negative 
Seebeck coefficient suggests that dominant charge carriers are 
electrons. With the decrease of temperature, the |S(T)| 
decreases in the whole temperature range. On cooling from 
room temperature, |S(T)| shows slight increase (plateau like  
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Fig. 4. Specific heat (Cp) versus temperature For NdNiO3 (AOP). The 
Cp/T vs T curve in the inset show the deviation in specific heat at M-
I transition. 
 
behavior) below TM-I, before decreasing again down to 2 K.  
This increase in |S| at TM-I is very small compared to that 
observed for the NdNiO3 (HOP) but their room temperature 
values are quite comparable [30]. Under the relaxation time 
approximation, the Seebeck coefficient of the metals can be 
given by the Drude’s expression [38]; 
𝑆(𝑇) =  −
𝜋2𝑘𝐵
3𝑒
𝑇
𝐸𝐹
{
𝑔(𝜀)
𝑛
+
𝜕 𝑙𝑛[𝜏(𝜀)]
𝜕𝜀
}
𝜀=𝐸𝐹
 ………..  (1) 
where g() is density of states, n is the charge carrier density 
and EF is the Fermi energy. () is the energy dependent 
relaxation time generally written as ()   where the 
exponent  is related to scattering mechanism. For particular 
case of   = -1 i.e. ()  1/; under the parabolic band 
approximation, Drude’s expression in its simplest form can be 
given as below; 
 𝑆(𝑇) =  −
𝜋2𝑘𝐵
6𝑒
𝑇
𝐸𝐹
………..  (2)    
The linear temperature fit of the data in the metallic region (fig. 
3) gives the slope dS(T)/dT  -0.03888 V/K2. Using this slope 
value in equation (2) we obtained the Fermi energy EF  0.32 
eV which is smaller than the EF  0.41 eV for NdNiO3 (HOP), 
EF  0.40 eV for PrNiO3, and EF  0.21 eV for LaNiO3 [30, 39, 
40]. 
The (T) of the compound decreases below TM-I with a clear 
hysteresis. The loss of charge carriers at TM-I may lead to the 
decrease in the value of (T) at TM-I. Previous reports have 
suggested that the metallic phase in PrNiO3 and NdNiO3 does 
not disappear completely for T < TM-I, and the oxygen 
vibrations play an important role in TM-I [34,37,41]. These 
oxygen vibrations might play an important role in the thermal 
conductivity of the compound that can be further enhanced in 
the NdNiO3 (AOP). In the absence of the low temperature data 
below 40 K, we could not make estimation of the phononic 
(l) and electronic (e) contribution to the total thermal 
conductivity.  
The heat capacity (HC) data for NdNiO3 (AOP) in the 
temperature range 2 - 260 K is shown fig. 4. We did not 
observe any peak like anomaly near M-I transition. However  
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Fig. 5. The inverse magnetic susceptibility (1/) versus temperature 
measured at H = 1 Tesla. M versus H data taken at T = 2 K is shown 
in the lower inset. The d(T)/dT versus T plot in upper inset shows 
an anomaly at M-I transition.  
 
a deflection in the heat capacity (HC) near around TM-I can be 
clearly observed in the Cp/T versus T plot (shown in the inset 
of fig. 4). Our data matches well with the report for the samples 
prepared at ambient pressure condition [42]. Also there is no 
change in specific heat in the presence of magnetic field of up 
to H = 5 T (data not shown here). We observed a slight increase 
in the HC value for T  10 K, which is difficult to understand 
at this point. Therefore it is not possible to extract the 
electronic () and phononic contribution () from the Cp(T) = 
T + T3 from the Cp/T versus T2 curve. However the 
estimated value of   (11.24 mJ/mol-K2) from EF obtained 
from the Seebeck coefficient data is close to the reported 
values of 8.2 mJ/mol-K2 for NdNiO3 (HOP) [30]. 
The dc magnetic susceptibility ((T)) data taken at H = 1 Tesla 
is plotted as 1/(T) versus T in the fig. 5. We did not observe 
any peak in the susceptibility data at the Neel temperature TN. 
It has been reported for the NdNiO3 (HOP) phase that M-I 
transition is accompanied by the paramagnetic to 
antiferromagnetic transition with the Neel temperature (TN) 
close to the TM-I [21]. We have plotted d(T)/dT versus T 
around the TM-I (shown in the inset of the fig. 5), to extract the 
information about the antiferromagnetic (AFM) phase 
transformation near TM-I. There is small anomaly in the 
d(T)/dT versus T around TM-I = 192 K. The M-H data taken 
at T = 2 K is shown in the right inset of the fig. 5, where a 
saturation trend in magnetization is apparent at higher 
magnetic field which is an indication of the presence of the 
ferromagnetic exchange term. The ferromagnetic exchange 
term might arise due to small level impurities of ferromagnetic 
Ni atom or due to oxygen defects in the compounds. Though, 
we did not observe any peak corresponding to the Ni, but our 
XRD data is not sensitive for < 1% impurities so the possibility 
of a smaller amount of Ni impurity cannot be denied. The 
magnetization data has been fitted using Curie-Weiss equation  
 
Table-II            
T (K) o  
(emu/mole) 
CW 
(K) 
C  
(emu K/mole) 
eff (B 
per f.u.) 
2 – 300 4.4110-3 - 3.2  0.768 2.48 
15 – 300  3.36 10-3 -5.8  0.904 2.68 
200 - 300 1.6410-3 -34.0 1.44 3.39 
 
 = o + C/(T - CW); where C is the Curie constant, CW is the 
Curie-Weiss temperature and o is the temperature 
independent susceptibility. The magnetization data do not fit 
well to the Curie-Weiss equation in the measured temperature 
range of 2- 300 K. The crystal field splitting of the Nd3+ (J = 
9/2 ground state) at lower temperature may give rise to the 
change in the van Vleck susceptibility contribution to o and 
hence bringing the change in the Curie constant value with the 
temperature variation. Therefore we have tried to fit our data 
in different temperature regimes. The obtained values of the 
fitting parameters are shown in table-II. Considering the fitting 
range to be 15 - 300 K, we find o = 3.36  10-3 emu/mole, and 
eff = 2.68 B per formula unit. Though the eff for the 
compound is less compared to the expected theoretical values 
due to the magnetic Nd3+ ion (3.62 B), and Ni3+ (0.9 B) ions, 
it is comparable to the eff value reported by Vassiliou et al. 
for the NdNiO3 (AOP) phase [21, 33]. The fitting of the  
 
magnetization data in the paramagnetic region above the AFM 
transition in the temperature range 200-300 K, we obtained o 
= 1.64  10-3 emu/mole, and eff = 3.39 B per formula unit, 
which are comparable to o = 0.97  10-3 emu/mole, and eff = 
3.57 B per formula unit for the NdNiO3 (AOP) reported by 
Blasco et al. [34]. 
3.  
4. DISCUSSION 
 
The NdNiO3 (AOP) shows similar electronic transport 
properties above TM-I as for NdNiO3 (HOP). However there is 
significant difference in the insulating phases of these two 
compounds prepared at the two different oxygen pressures. In 
contrast to the several order of increase in the magnitude of 
resistivity after TM-I in high oxygen pressure compounds, the 
ambient oxygen pressure phase is less insulating and 
resistivity increases only one order of magnitude. The 
electrical and thermal transport properties of the compound 
around the M-I transition depends on the percentage volume 
fraction of the metallic and insulating phases and their 
transformation dynamics. According to Granados et al., these 
materials have a mixture of metallic and insulating phase with 
different transport characteristics [30, 39]. Our resistivity and 
thermal transport data show a broad hysteresis extending from 
TM-I (~192 K) to 20 K with hysteresis width of TH ~ 170 K. 
The insulating phase in our compound is in incipient stage and 
does not grow like the NdNiO3 (HOP). The room temperature 
(300 K) value of resistivity for NdNiO3 (AOP) is 4.3 m-cm, 
which is approximately 3.5 more than that for NdNiO3 (HOP) 
[30]. 
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Fig. 6. The semi-logarithmic plot of T versus 1/T1/4 plot. 
 
The low temperature (T  20 K) resistivity of the compound 
suggests the conduction by the Variable Range Hopping. The 
presence of charge disorder and oxygen vacancy along with 
the high value of charge carrier facilitates the hopping of the 
carriers to neighboring and next neighboring sites. We have 
calculated kFl for the compound (kF is Fermi wave vector and 
l is mean free path) using the carrier density n (obtained from 
the refined crystal structure data) and resistivity values from 
the experimental data. The kFl values at 2 K and TM-I (~192 K) 
are 0.041 and 0.44 which are very low compared to Ioffe Regel 
criterion of kFl  1 for M-I transition suggesting the built in 
disorder in the compound.  The low temperature (T < 20 K)  
electrical conductivity follows the Mott’s expression 𝜎 =
𝜎0 𝑒𝑥𝑝[−(𝑇0 𝑇⁄ )
1 4⁄ ] for conductivity by the hopping of 
carriers to distant sites via localized states near Fermi energy. 
In the derivation of this expression, Mott used the parameters; 
𝛼, the inverse rate of fall off of the electron wave function 
associated with the localized state near Fermi energy, and 
N(EF), the density of localized states at the Fermi Energy [43 
- 45]. The rigorous studies on Mott’s expression, considering 
the various conditions of temperature, field and distribution of 
hopping showed the constants 0 and T0 to have functional 
form; 𝜎0 = 𝑒
2𝑎2𝑝ℎ𝑁(𝐸𝐹), and 𝑇0 =  𝛼
3 𝑘𝐵⁄ 𝑁(𝐸𝐹), where 
e is the electronic charge, a is the hopping distance, 𝑝ℎ is the 
phonon frequency (~1013 sec-1), kB is Boltzmann’s constant,  
is a dimensionless constant (~18.1), and N(EF) is the density 
of states at Fermi energy [43-45]. The hopping distance ‘a’, is 
given by the expression; 𝑎 = [9 8𝜋𝑘𝐵𝛼𝑇𝑁(𝐸𝐹)⁄ ]
1 4⁄ , which 
shows that 𝜎0 has 1/T dependence on the temperature [44]. 
We have plotted T versus 1/T1/4 in the fig. 6 for the 
temperature range 40 K  T  2 K. We obtained a liner fit to 
the curve below 20 K, which is smaller than the range 60 K  
T  4.2 K reported by the Blasco et al. [34]. The linear fit to 
the curve gives 0T and T0 as 9.77102 -1cm-1K1/2, and 
242.2 K respectively. These values are smaller than the values 
reported by Blasco et al. [34]. However, If we take the linear 
fitting to their low temperature data in the similar temperature 
range as ours, these parameters come out to be 6.71102 -
1cm-1K1/2, and 270 K, which are comparable to our values. The 
density of states at Fermi energy N(EF) can be obtained from 
0T and T0 values using the expression [45]; 
   𝑁(𝐸𝐹) = (1.996 × 10
48 𝑝ℎ
3⁄ ) × [(𝜎0√𝑇)
3
 √𝑇0] cm
-3 eV-1 
.                                                                                …….. (3) 
We obtained a density of states N(EF) in the low temperature 
regime as  2.891019 eV-1 cm-3, which is comparable to the 
recalculated values of  ~ 1.0 1019 eV-1cm-3 from the low 
temperature data of Blasco et. al. However Blasco et al. have 
reported N(EF) value as 2.3 1020 eV-1cm-3 from the fitting 
range of 60 K  T  4.2 K, which is 8 times larger than the 
value obtained by us.  The hopping distance or the average 
polaron radius 217 Å  (obtained from the N(EF) and 𝛼 value of 
3.224105 cm-1), is much higher compared to the lattice size, 
and indicates towards the large polaron.  
For T > TM-I, the (T), and the |S(T)| increases linearly with 
temperature similar to the metallic system. The Fermi energy 
(EF  0.315 eV) in the metallic state obtained under the 
assumption of one electron per Ni atom (Ni3+, t2g6 eg1), for the 
cell volume V = 221.22 Å3, and carrier density, n = 1.808 
1022/cm3 gives the density of states g() = 8.62 1022 states/eV-
cm3 (from the relation, g() = 3n/2EF), which is comparable to 
the reported values [30]. Using bare density of states go() 
corresponding to free electrons and g(), we obtained the 
effective mass m* = 8me. This value is higher than 6me 
predicted by Granados et al. for the NdNiO3 (HOP) [30]. 
Higher values of g() and m* for NdNiO3(AOP) suggests the 
metallic nature above the TM-I under the assumption of one 
electron per Ni atom. In the Brinkman-Rice model for 
correlated electrons, effective mass (m*) is related to the 
correlation energy U by the expression [46]; 𝑚∗ 𝑚𝑒⁄ =
1 [1 − (𝑈 𝑈0⁄ )
2]⁄  , where U0 is the energy at which the 
correlation gap opens. The effective mas of m* = 8me, gives 
the correlation energy U ~ 0.9U0, which indicate the system at 
the verge of M-I transition. For the charge transfer type band 
gap in the insulating state, and metallic conductivity via 
overlapping of oxygen 2p and Nickel 3d bands, the enhanced 
value of the effective mass points towards the very narrow 
character of the 3d band [5]. 
The Ni-O-Ni bond angle for NdNiO3(AOP) is comparable to 
high oxygen pressure phase of  NdNiO3 and PrNiO3 but lower 
than that for the LaNiO3. The larger bond angle leads to the 
larger bandwidth and hence to the higher metallicity in the 
system. The higher value of the tolerance factor t ~ 0.987 for 
the compounds NdNiO3 (AOP), in comparison to that for 
NdNiO3 (HOP), indicate lesser distortion (tilting) in the NiO6 
octahedra, and contribute to the metallic component in the 
compound.  
5.  
CONCLUSION 
 
The electronic and thermal transport properties of NdNiO3 
(AOP) are compared with the NdNiO3 (HOP). The electrical 
resistivity, Seebeck coefficient and the thermal conductivity of 
the NdNiO3 (AOP) compounds show anomaly at the metal-
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insulator transition with the broad hysteresis. In the metallic 
regime, the electronic properties of NdNiO3 (AOP) can be 
described in term of the Fermi gas of electrons of high 
effective mass (~ 8me). The NdNiO3 (AOP) shows lower value 
of  resistivity below TM-I compared to NdNiO3 (HOP). The 
resistivity of the compound below TM-I is governed by the 
localization of charge carriers  aided by the disorder, and 
conduction takes place by the variable range hopping of the 
charge carriers for 2  T  20 K. The laminar defects, oxygen 
vacancies and the smaller grain size might be playing an 
important role in the low temperature physical properties of 
the NdNiO3 (AOP). Further experiments like photoelectron 
spectroscopy (PES), and inelastic x-ray scattering for 
ascertaining the density of states at fermi energy and the 
relative fraction of the Ni2+ and Ni3+ occupation of Ni 3d band, 
respectively; would help in discerning their role in the metal-
insulator transition in the less insulating NdNiO3 (AOP) and 
more insulating NdNiO3 (HOP) phases.  
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